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Abstract: The effect of annealing in Ni doped Zinc oxide (ZnO) semiconductor thin films grown by a modified SILAR 
method is presented in this study. The XRD diffraction patterns reveal good crystalline quality without any appreciable 
changes from pure ZnO films and are genuinely polycrystalline with a hexagonal wurtzite structure. Scanning electron 
microscopic (SEM) investigation suggested that both the shape of the crystals and the texture of the films were highly 
influenced by the SILAR method. The SEM morphology shows the formation of vertical nanorods and interestingly, Ni 
doped ZnO shows fiber-like structures with good uniformity. These nano thin films are promising candidate for solar 
cells, photo detectors, and gas sensors. 
 




Nanocrystalline materials have attracted a wide 
attention due to their unique properties and immense 
potential application in nano device fabrication [1-4]. 
Zinc oxide (ZnO) has a direct wide band gap (3.4 eV at 
Room temperature), which is an n-type semiconductor. In 
ambient condition, ZnO has a stable hexagonal wurtzite 
structure with lattice spacing a = 0.325 nm and c = 0.521 
nm and composed of a number of alternating planes with 
tetrahedral-coordinated O2- and Zn2+ ions, stacked 
alternately along the c-axis. It has attracted intensive 
research effort for its unique properties and versatile 
applications in transparent electronics, ultraviolet (UV) 
light emitters [5, 6], piezoelectric devices [7,8], chemical 
sensors [9-11] and heterogeneous photo catalysts [12-14]. 
It has been proposed as a more promising UV emitting 
phosphor than GaN because of its larger exciton binding 
energy (60 meV) [15]. All these predominant properties 
make ZnO a great potential in the field of 
nanotechnology.  
Various chemical methods have been developed 
to prepare nanoparticles of different materials of interest. 
ZnO nanoparticles can be prepared on a large scale at low 
cost by simple solution based method, such as chemical 
precipitation [16-18], sol-gel synthesis [19], and 
hydrothermal reaction [20, 21].  
In this background, the purpose of this investigation is 
to study the influence of Ni doping on the physical 
properties of ZnO thin films. Successive Ionic Layer by 
Adsorption and Reaction   (SILAR) is an excellent 
method for the fabrication of undoped and doped ZnO 
thin films [22-23]. In this study a modified SILAR 
method is used. 
2. EXPERIMENTAL DETAILS 
ZnO thin films were prepared using a modified SILAR 
technique involving double dip. The ‘Ni’ doping was 
carried out by adding the NiSO4 salts in the solution bath 
at the proportion of Zn:Ni as 100 : 3, 5, 10 respectively. 
ZnO thin films were grown using a two-step modified 
SILAR using a solution comprising 0.1 M Zinc Sulphate 
( 99% e-Merck) , 0.2 M sodium hydroxide with a pH 
value of 90.2 deposited at bath temperature of 90 C 
under optimized condition. In a modified SILAR all the 
precursor solutions are taken in a single beaker.   Before 
deposition, the glass substrates were cleaned in hot 
chromic acid followed by cleaning with an alkali and 
acetone. The well-cleaned substrates were immersed in 
the chemical bath for a known standardized time 
followed by immersion in hot water for the same time for 
hydrogenation. The process of solution dip (step 1) 
followed by hot water dipping (step 2) is repeated for 
known number of times. The cleaned substrate was 
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alternatively dipped for a predetermined period in sodium 
zincate bath and water bath kept at room temperature and 
near boiling point, respectively. The addition of MSO4 in 
the ratio of Zn:M as 100 : 3, 5, 10, 15 respectively in the 
first dip solution leads to the formation of M doped zinc 
oxide nano thin films where ‘M’ stands for Nickel here.  
The ZnO thin film formed was confirmed by XRD 
(RigakuUltima III) analysis and the micro structural 
analyses of the samples were performed using SEM 
(JEOL Model JSM - 6390LV). 
3. RESULTS AND DISCUSSION 
Figure 1 shows the typical X-ray diffraction 
pattern obtained for the Ni doped ZnO thin films grown 
using SILAR method with various molar concentrations 
such as 5, 10 and 15mM.  The grain sizes were estimated 
using Debye-Scherrer’s formula (Hammad et al. 2009),  
D = k / cosWhere k is the shaping factor which takes 
value from 0.89 to 0.94, ‘’ is the wavelength of the Cu-
k line, ‘’ is the full width at half maxima (FWHM) in 
radians and ‘’ is the Bragg’s angle.  
 
The‘d’ (interplanar spacing) values of the XRD 
reflections were compared with standard‘d’’ values taken 
from JCPDS diffraction file (No. 89-0511). Good 
agreement between the observed and standard d' values 
suggests that the material deposited is ZnO with 
hexagonal structure. The doping molar concentration of 
the films produces a considerable improvement in 
crystallinity, showing more intense and sharper XRD 
peaks. The predominant peak at 34.510 indicates that 
NZO thin film is preferentially oriented along (002) 
plane.  
 
The lattice parameter values are a = 3.249 Ǻ and c = 
5.205 Ǻ. The sharpened X-ray line profile and higher 
intensity of (002) plane is observed at 5mM to 10mM of 
nickel sulphate concentration. There is no other new peak 
is observed in this molar concentration as shown in fig. 1 
(b). The predominant peak orientation is shifted from 
(002) plane to (101) plane for NZO prepared with 15 mM 
nickel sulphate solutions. Also (002) and (100) plane 
peaks intensities are observed to be slightly suppressed 
due to the extent of doping.    In thin films unlike the 
bulk the amount of Ni present in solutions need not be 
present in the resulting films. Hence doping and extent of 
doping has to be evaluated by the composition analysis 
and the changes in the microstrctural information. No 
other typical peaks corresponding to Ni or NiOwere 
present.It is indicated that no phase transformation has 
taken place with the Ni incorporation and the structure 
remains tact with minor modifications within the volume. 
 
The larger full-width at half-maximum 
(FWHM) observed in films prepared with 5 
mM nickel sulfate concentration shows that 
the crystallite size is in the range of 47 - 57 
nm. 
 
Fig. 1: XRD patterns of NZO thin films prepared at various 
molar concentrations such as(a) 5 mM (b) 10mM and (c) 15 
mM 
 
Table 1:  Microstructural properties of various NiSO4 
concentrations prepared NZO thin films 
 
 
 range of 47 - 57 nm. Crystallite size of the film increase 
with doping concentrations.This may be due to Ni atoms 
being incorporated in the metallic sites or intertials 
leading to NZO thin films. The micro strain (ε) was 
calculated from the slope of βcosθversus sinθ.  Also it is 
observed that the micro strain value is depending on the 
crystallite size of the film. So that micro strain and 
dislocation density of the films decreases with increase of 
doping concentration. Due to the removal of defects in 
the lattice with increase in doping concentration of the 
micro strain in the films get released and attained a 
minimum value at 15mM of NiSO4. The doping 
concentration increases the predominant orientation angle 
shift towards higher angles and may be associated with 
increase of Ni atomic percentage in ZnO thin films. The 
stacking fault probability of the NZO thin films increases 
with doping molar concentrations. The NZO thin film 
with lower micro strain and dislocation density improves 
the stoichiometry of the films which in turn causes the 




















(α x 10-4) 
5 29.5 0.00167 1.14 0.12 
10 44.6 0.00117 0.51 7.06 
15 45.2 0.00115 0.48 11.0 
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Fig. 2: XRD patterns of as-deposited and annealed NZO thin 
films (a) as-deposited (b) 200oC (c) 300oC and (d) 400oC 
 
Annealing properties mainly affect the crystallinity of the 
film and also change the micro structural properties of 
the NZO films. Fig. 2 shows the X-ray diffraction 
patterns of Ni doped ZnO films with various annealing 
temperature such as 200, 300 and 4000C respectively 
together with unannealed samples. The annealed films 
were obtained by treating the samples at 200, 300 and 
4000 C for 60 min in air. Annealing produces a 
considerable improvement in crystallinity, showing more 
intense and sharper XRD peaks. The XRD patterns 
predict the increase of annealing temperature in the 
temperature range 0 to 4000C increasing the crystallinity 
and intensity. The predominant peak at 36.280 indicates 
that Ni doped ZnO thin film is preferentially oriented 
along the (101) plane. However, this preferential 
orientation tend to shift towards (002) orientation around 
35.200 indicating a modification of the structure with 
annealing.The position of the predominant peak shiftsto 
higher angles for (110) and (002) plane at 300oC 
annealed film.  All the diffraction peak intensities 
increase with increase of annealing temperatures. Also 
this same behavior has been observed at 400oC annealed 
film indicating that the optimized conditions for 
annealing be fixed between 300 and 4000for further 
studies.  The changes in the microstructure of the films 
with annealing are presented in Table 1. 
 
Fig. 3 shows the typical SEM micrograph of as deposited 
ZnO, ZnO: Ni (15mM) and ZnO: Ni (annealed 400oC) 
respectively. All these films were grown at a pH 9 ± 0.2. 
They show the presence of large, highly crystalline grains 
distributed uniformly. All micrographs show films with 
excellent uniformity and regularly stacked nanorods. 



















(α  x 10-4) 
As – 
deposited 
45.2 1.15 4.44 11 
200 48.2 1.12 3.57 5.47 
300 49.7 1.05 2.00 1.81 
400 52.8 0.88 1.42 1.57 
 
Figure 3: SEM micrograph of (a) undopedZnO thin film  
prepared at 0.3 M ZnSO4  (b) Ni doped ZnO thin film prepared 
at 15mM NiSO4 (c) Ni doped ZnO thin film annealed at 400oC 
 
The nanorods were found to be made of nanostructures 
with size between a few nanometers and 500 nm. From 
Fig. 3(a), it is observed that for the undopedZnO films 
the nanorods are uniformly arranged without any stacked 
particles over the nanorods. While doping Ni with the 
ZnO matrix (Fig3 (b,c)), interestingly, nano fiber-like 
structures were formed throughout the stacked nanorods. 
It was originate that the average grain size (about 400 
nm) vary with Ni incorporation, which is due to smaller 
radius of Ni2+ than that of Zn2+. The results are in good 
agreement with Qiuet al [25].  Annealing tends to gather 
these nano particles through the protruding nanofibres. 
This may be due to the excess energy available for 
agglomeration. It is clearly seen that the results are in 
good agreement with the results arrived from XRD 
studies. 
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Figure 4: (a)Tauc’s plot of undoped and metals doped ZnO thin 
films. (b) Optical transmission spectra of undoped and metals 
doped ZnO thin films 
 
Figure 4 shows the transmittance spectra depict a high 
refractive index in the range of low absorption with a 
sharp fall of transmittance at the band edge implying the 
good crystal quality of the undoped and Ni doped ZnO 
nanostructured films. High transmission >90% 
transmittance is achieved at the far infrared region 
whereas the transmittance is found to decrease when ZnO 
films are doped with various metal content and the 
transmittance still decreases for all the cases. The 
undoped ZnO films show 70 to 80% optical transmission 
in the visible range. As it is clearly seen, the transparency 
of the films decreases when the dopants are added. The 
result is in good agreement with previously reported data 
[26]. The undoped ZnO film has a transmittance 74% in 
the blue region of the visible spectrum and the 
transmittance is found to have red shift. The decrease in 
optical transmission of NZO thin films can be due to the 
reduction in the grain boundaries. The slight reduction of 
transmittance is observed for the NZO films with Ni 
concentration 15mM. The decrease of transmittance with 
the wavelength is due to the decrease in band gap 
whereas transmittance is suppressed with increases of Ni 
content for the entire wavelength. 
 
Table 3: Comparative optical parameters of undoped ZnO and 




The structural and thickness properties investigations 
were performed for optimizing the film growth by 
chemical bath deposition employing double dip 
technique. It is observed that the films grown with 
aqueous solutions are much better than that grown using 
non-aqueous solvents. The NZO thin films were prepared 
at various doping concentration such as 5, 10 and 15 mM 
of NiSO4. The film thickness with respect to various 
doping concentration prepared NZO were observed. The 
structural and micro structural properties were discussed 
with doping concentrations prepared film. The 
predominant peak orientation was observed at (002) 
plane for lower doping concentration and (101) for higher 
doping concentration prepared NZO thin films. Also, the 
structural and corresponding micro structural properties 
were studied for various temperatures annealed NZO thin 
films. The higher doping concentration prepared NZO 
films were employed with post heat treatment at 200-
400oC and micro structural properties were discussed. 
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4.4 x 
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